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ABSTRACT

People’s lives and livelihoods depend on water.nténing secure water supplies for drinking, indusind agriculture
would be impossible without groundwater, the latgasd most reliable of all freshwater resourcese Btatus of
exploitation of the transboundary aquifer systemsAfrica calls for an urgent mutually agreeable ugrdwater
management plan to be put in place. This papeeftrar, presents a clear picture of the hydrogec&gionditions of
the various groundwater regions/basins in Nigerid examines the potentials of transboundary aqsifstem and
discusses the hydro-geological considerations amthgement options of trans-boundary aquifer ressusith a view
to producing a synoptic overview of the hydro-ggital character in each groundwater basin. Momitprietwork of
boreholes for groundwater quality and quantity meaments would have to be put in place, particylarl zones
considered to be critical because withdrawals aeeeding recharge or contamination is threateniryirgdwater
quality. Central to any strategy, the evidence Whiequires systematic and prolonged data colleciioth rigorous
analysis is very necessary. A long-term sustainatdeagement and protection of groundwater resoumcigyeria is
suggested.
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INTRODUCTION

A typical trans-boundary aquifer includes a natsw@surface groundwater flow intersected by amratéonal boundary such
that water transfers from one side of the boundarthe other (Boukalova, 2001). A trans-boundasuésmay arise when a
water system, due to its geographical locationdditipal conditions, falls partly or totally undéne jurisdiction of two or more
countries.

The significance of trans-boundary aquifers asyarksource has been further emphasized througheteat publication of the

World Hydro-geological Map (IAH, 2003). Completeadysis of the number of aquifers that are transAdamy has not been
completed to date, however by analogy to the 2&dstboundary rivers basins of the world, it is ckbat a similar number, if

not greater aquifers are shared by nations. AlmM08 of the world population lives in one or anottrans-boundary water
resources region (Almassy, and Buzas, 1999). Aéurtonfirmation of the wide distribution of trabheundary aquifers can be
gauged by the knowledge that there is a signifigametiominance of accessible fresh water from arpu{f@ver 90%) than from

other sources. Groundwater is the water resourcetafal importance for poverty alleviation, ascén be provided cheaply and
usually nearest to the point of demand.

Aquifer systems, due to their partial isolationnfrsurface impacts, on the whole contain excellerglity water. In many
countries these systems have been fully assessatliated and extensively used for municipal anceroitlemands. Such
resources represent a substantial hidden globatatapat still needs prudent management. Competifior visible trans-

boundary surface waters, based on available irtterrzd law and hydraulic engineering is evidenalihcontinents. However, the
hidden nature of trans-boundary groundwater ankl ¢didegal frameworks invites misunderstandingsniigny policy makers.
Not surprisingly therefore, trans-boundary aquifenagement is still in its infancy, since its ewion is difficult, suffering

from lack of institutional will and finance to celit the necessary information. Although there aimdyfreliable estimates of the
resources of rivers shared by two or more countriessuch estimates exist for trans-boundary aruif&@lmassy and Buzas,
1999).

Water is one natural resource that rarely has atisute. The steady growth in world population dedpwith the extension of
irrigated agriculture and accelerated industrialetigpment and other economic activities have peméndous stress on the
quality and quantity aspects of groundwater ressitbe world over (Maduabuchi, 2002). Availableords show that the
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lullemeden aquifer system which serves as a véeitaburce of water supplies is being suggestedtensive use with the
sinking of about 4,000 deep boreholes in the Sokatsin in Nigeria. In the Chad Basin area, a mydadoreholes sunk at
random tap the various aquifers, particularly thelyePliocene (Middle) Aquifers which has been esteely developed over the
years. Though these multi-layered aquifer systemaganerally under sustainable exploitation witlmost parts of the country,
however, isolated cases of progressive declindiiggiic and piezometric surfaces are already n&tnife

This paper, therefore discusses the hydro-geolbgettings as well as the major sedimentary aq@ystems (Sokoto Basin,
Chad Basin and Dahomeyan Basin) that extends tgeridh boundary. This paper also identifies pesistrans-boundary
aquifer resource management problems and contsiliotéhe improvement of the knowledge on the aguifnd suggested
strategies that will aid in the sustainable develept and management of the regionally shared agyfgems.

HYDROGEOLOGICAL PROPERTIES/POTENTIALS OF DIFFERENBASINS IN NIGERIA

Nigeria is located on the west coast of Africawesn latitudes YN and 14 N and between longituded B and 18 E. It is
bound to the north by the Republic of Niger, whitethe west and east, it is bound by the Repulslid3enin and Cameroun
resgectively. The Bight of Guinea bounds it atsbethern coast along a shoreline of 800 km. it piesua land area of 923,800
km*, with abundant groundwater resources, enoughtes @@ the needs of her teeming population of ntbes 140 million.

There is a very large groundwater potential in Nagefar greater than the surface water resouesignated to be 224 trillion
I/year (Hanidu, 1990). Rijswlk (1981) estimated wrdwater resources at 0-50m depth in Nigeria t6 kel0Okn? (6 x10°m®).
However, from the eight aquifers in Nigeria (Akazjget al., 2003), the Ajali Sandstone aquifer yields 7 - X) the Benin
Formation (Coastal Plain Sands) aquifer yields®l/s, the Upper aquifer 2.5 — 30 I/s, the Middtpuifer 24 — 32 I/s, the Lower
aquifer with yields of 10 — 35 I/s (of the Chad fation), the Gwandu Formation aquifer with yield8e- 15 I/s, the Kerrikerri
Sandstone aquifer with yields of 1.25 — 9.5 I/s #mal crystalline fluvio-volcanic aquifer with a 155 yield in the Jos Plateau
region; groundwater occurrence is not limited ttyd0m b.g.| ( below ground level). These eight meggional aquifers have
an effective average thickness range of 360m, avithickness range of 15 — 3,000m at a depth rah@e-d630m b.g.| with an
average depth of 220m (Akujieeeal., 2003).

Reserves of groundwater are considerable in laegar®ntary basins, which cover some 40% of the wpuihe potential
annual groundwater resources are estimated at 316", out of which the sedimentary basins account ¥%6§FMWRRD,
1995).

The occurrence of groundwater is greatly influeniogdhe local geological conditions which ultimgtebntrol yields. Recharge
to aquifers, which influences the safe yields oflsyelepends on rainfall over the area. Thus, alinfltimately controls the
amount of groundwater recovered from wells in aiveg locality (Offodile, 1979). The extent of amawf groundwater storage
is not yet known, but available records indicatat tmajor aquifers in Nigeria are located in theirsedtary deposit basins,
which cover about 50% of the nation’s land area fémaining 50% is underlain by crystalline rockthe basement complex.

Aquifers within the basement are limited, theicckmniess ranges from 16 — 180m, but depth of handadilig and boreholes are
therefore seldom more than 60m with a variable ayerof static water level between 1 — 45m belowstinéace. This shallow
depth coupled with the poor hydraulic conductivity, doubt accounts for the general low yield of£/@r (Nwaogazie, 1995).
On the sedimentary deposits, groundwater resowseslly occur either as confined aquifers with agerpiezometric level of
75 — 150m or unconfined aquifers with thicknesyiay from 15 — 100m (Nwaogazie, 1995).

Generally, the geology of Nigeria can be dividew itwo broad units (the Basement Complex and tlin8mtary basins). The
basement complex rocks are located in the nortlralemestern and eastern flank of the country. Sé@imentary formations
are found in the north-west (Sokoto Basin), nodbt¢Chad Basin) and the coastal plains (DahomBgaim) where the aquifers
extend beyond the boundary of the country.

SOKOTO BASIN
The Sokoto Basin, located in the Northwestern Négés part of the larger lullemeden basin whicheexts through Niger
Republic to Mali. There are about 60, 000%kfh0%) of this basin within the Nigerian territoand it shares roughly 570 km
boundary with the Republic of Niger (Maduabuchip2p The states within the basin include Kebbi,&okZamfara and parts
of Katsina state.

The Sokoto Basin, up to 2000m consists of clagtiguences that rest upon the basement. Sequenaesnétonsolidated

gravels, sands, clay, some limestone and ironsaoméound. Pumping test data carried out in thél®haquifers in the area
indicates transmissivity in the range of 200 — 5686 and storage coefficients of 1@o 10° indicating semi-unconfined to
confined conditions (Bass&yal., 1999). The yield of boreholes up to 20m deptheiserally <2 I/s. The fluctuation of the water
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table in fadama (low-lying) areas is about 2 — Brotighout the year. The water table is lowest meJand highest in September
at the end of the wet season. Precipitation inatlea occurs within 3 — 5 months, giving short-likmd strong runoff. Stream
discharge measurement values on the basin rangedi@® x 18m®a — 7.13 x 18m%a (Anderson and Ogilbee, 1973).

The Sokoto Basin has five (5) major aquifers whdoh distinguishable on the basis of geologicalregtind geography:

0) Gundumi Formation (Lower Cretaceous) includes rigad lacustrine deposits, which contain comparhtive
coarser materials than any of the younger overlfongations of the Sokoto Basin.

(i) lllo Group (Cretaceous), similar in lithology toetiSundumi Formation, includes non-marine cross-eequbbly
sand and clay that underlie an area of about 6490kthe southwestern part of the Sokoto Basin.

(iii) Rima Group (Upper Cretaceous) consists of a matiaesgressive series of fine-grained sand and Iériab

sandstone, mudstone, and some marly limestonetaid. North of the River Sokoto, the group is déddnto
three formations, the Taloka at the base, the Dakaimn the middle, and the Wurno Formation at tpe(Oteze,
1989a).

(iv) Sokoto Group (Paleocene) consists of a lower timi Dange Formation, which is basically a marirzy achale),
an upper unit of light-grey and white-clayey linwst¢ with modular crystalline limestone, known ag th
Kalambaina Formation.

(v) Gwandu Formation (Eocene) crops out over 13, 600knBe western third of the Sokoto Basin with saghits
made up of interbedded semi-consolidated sand kyd The Gwandu Formation unconformably overlies th
Kalambaina Formation in the northern and centrat pathe basin. These aquifers remain the solecsoof
drinking water in most parts of the basin, as ®diré sparse. According to Oteze (1989b), the Beddiocene
Gwandu Formation is the most prolific aquifer with annual recharge exceeding 6.6 xnf0and estimated
groundwater storage of about 8.17 X%,

The Mesozoic and Tertiary strata of the Sokoto péthe lllemmmeden Basin in Northwest Nigeria, guige of inter-
bedded sandstones, clays and limestones that dthetmorthwest. These formations are capped byitiegeand the
sedimentary sequence includes the late Juras&iarty Cretaceous lllo and Gundumi Formations, theadrichtian Rima
Group, the late Paleocene Sokoto Group and therieegdéocene Gwandu Formation (Fig.1). These weresieggd during
a series of overlapping marine trangressions. Q280 metres of sediments occur in the down-warpekbt® Basin,
unconformably overlying Precambrian Basement r¢éldelanaet al, 2008; Ngatcha&t al., 2008). Quaternary age alluvial
deposits occur

along the course of the River Sokoto.

From available hydrological data, it has been estih that the Rima River system between Sabon-Birdi Sokoto town
loses an average of 4 x®hif/a. A part of this water may be evaporated whiterémaining infiltrates into the alluvium, and
in turn recharges the aquifers. Recent quantitasienation of groundwater recharge using chlon¢hod indicates mean
recharge is in the order of 19.6mm/a based on aoamainfall average of 670mm from 1916 — 1993hi@ Sokoto area,
although rates can be highly variable in spacetanel Results further show recharge around the Wand Goronyo areas
as representing <1% of annual rainfall while areatside this region (Argungu/Gwandu areas) 3.2%urofual rainfall
recharges the groundwater. This sharp variationat@#uted to local conditions of climate and ditbgy (Adelanaet al.,
2006).
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Fig. 1:  Hygrogeological Cross Section Showing Sokgasin (Modified after Anderson and Ogilbee, 1973

CHAD BASIN
The Chad Basin in Nigeria is located in the nomistern part of the country, with an areal extengbbut 152, 000k

representing only about 6.5 percent of the enty@rdgraphic basin which extends to Chad, Niger,efily Libya, Sudan,
Central African Republic and Cameroun. The ChadrBesvers Borno, Yobe and Jigawa states and pakswo and Bauchi

states.

An inland lake within the Chad Basin, the lake Cledurrounded by Nigeria, Niger, Chad and Cameimuoh constitutes the
main body of surface water in the basin. Theretlaree (3) main drainage systems into the lake -Ctari-Logone River with
headwaters in the Central African Republic andGaeneroun respectively. The other two originate fidigeria and include the
Komadugu-Yobe River which descends from the Baptdtieau and river Yedseram from the Biu plateate Wigerian rivers
are essentially ephemeral and account for aboutdfa®4e total surface water input into Lake Chad.

The principal aquifers of the Chad Basin in Nigexia the ones exploited and include (i) Quaterigidpper) Aquifer (i) Early
Pliocene (Middle) Aquifer and (iii) Continental Teinal (Lower) Aquifer, as named by Barber and Jofi&60). Fig. 2 is a
geological cross section showing the aquifers ef@had Formation.

(i) Quaternary (Upper) Aquifer

The Upper Aquifer in most part of the area is witthe superficial deposits, and extends acroserttiee outcrop of the Chad
Formation. It is composed of alluvium and aeoliands and gravel deposited during recent times.tfilckness of the sands
increases considerably north of the lake becauseldidence movements. The aquifer has been higivigloped for domestic
water supply, vegetable gardening and livestoclexireg through handdug wells and shallow borehdisd@abuchi, 2002).

Over the years, groundwater levels in the Upperiféqinave been lowered, resulting in the deepeningells. The aquifer is
recharged largely through rainfall and occasionabff. Transmissivity in the area ranged from 0.8.3 nf/d with discharge of
about 18m®d from the aquifer. Water quality is generally dawith the exception of some zones affected by enatps (polders
from the lake) and few others of localized anthgguc impact.

Around the type locality (Maiduguri), the Upper Afr includes not only a surface zone of recendsanith an unconfined
water table, but deeper layers of sands of the Gloachation complexly intercalated between clays, are partially confined by
the clays.
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Fig.2:  Geological Cross Section of Chad Formatiitef Adelanaet al., 2008)

(ii) Early Pliocene (Middle) Aquifer

The Middle Aquifer is separated from the Upper Aguby a thick sequence of grey to bluish-grey dlayhe range of 60 —
200metres. The aquifer is generally encounteretpths of about 240 — 380metres from the surfaceainy places and consists
of sand beds with interrelated clays and diatomitég sandy members are coarse, angular quatzgsétim feldspar and mica
contents. The thickness of the water bearing lagiges from 10 — 40 metres, with a mean transmitysialue of 360rfVd.

The piezometric head of the aquifer has progrelsigeclined and several wells in the aquifer havst ftheir free-flowing
potentials. However, in 70% of the wells in theaargroundwater is still under artesian conditionhwpiezometric heads
increasing from Maiduguri towards the Lake Chade Ttope in piezometric heads is about0.015% in NEe direction.
Abstraction from this aquifer is upwards of°1@%d while free-flowing yield (uncontrolled dischajge between 0.12 and 90
m?/hr. Generally, the quality of the water is noigasd as in the Upper as it is often more minerdlize

(iii) Continental Terminal (Lower) Aquifer

This aquifer consists of alternations of sand dagl and lies at depths of 450 — 650 m, with an agerthickness of about 90 m
in Maiduguri. Transmissivity value varies from 33165 nf/d. the piezometric surface slopes 0.115% in thettNand North
East Direction. Free flow varies from 7 — 17/mn while groundwater abstraction from the aquigeabout 0.41 x fom*d. The
aquifer presently is the main source of water syppl Maiduguri metropolis. The piezometric headtleé aquifer, usally
between 3 — 6 m above ground level has also dekctine to excessive development.

In the West and Northwest of Maiduguri, only thepgpaquifer exists, while the Middle aquifer isgerd of discontinuous and
the lower non-existent. Incidentally, in the Kaneggion in Niger Republic, the quaternary sandsliliectly on those of the the
lower aquifer, forming a single aquifer with thiess often greater than 275 metres (EberschweB&8)1 Drilling in the basin
revealed that the first and second aquifers thicked thin out in places and in some cases disapmeapletely, hence not
uniform in the basin. On the other hand, the loaguifer is normally encountered at a consistenttdenge of 450 — 650 m in
the basin and relatively uniform and extensive wiiricted spatial occurrence (Maduabuchi, 2002).

DAHOMEYAN BASIN
The Dahomey Basin (also called the Benin or KetsirBa Nigerian literature) is a transboundary bdkat extends from Ghana
through Togo and Benin to Nigeria. The Niger Déléain is separated by the Okitipupa Ridge (OmatmatbAdegoke, 1981).

The Basin constitutes part of a system of WestcAfrimargin developed during a brief period ofmiftin the late Jurassic to
Early Cretaceous, associated with the Benin TraDghplex. It was accompanied by an extended periddesmally induced
basin subsidence through the Middle to Upper Cestas to Tertiary times as the South American anitad plate entered a
drift phase. The onshore portion of the basin c®aebroad arc-shaped profile approximately 600kattaining a maximum
width of 65km at the basin axis along the Nigerirder with the Republic of Benin. It narrows tooab 25km west and
eastwards. It is along its north eastern fringe @kitipupa Structure) that a band of tar sand gaild) and bitumen seepage
occurs (Omatsola and Adegoke, 1981).
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The Basin covers the southern areas of Lagos, @gdrOndo States in Nigeria and stretches into éighbouring countries of
Benin, Togo, Ghana and Ivory Coast. In the Ketdarbasbanization and over abtraction is substagtialcreasing (Banoeng-
Yakuboet al., 2003). Though geological continuity is inferredetefore discussions here will relate to availat#dea in respect
of the Nigerian sector of the basin.

The rocks of the Dahomey basin are mainly san@yscand limestones (Jones and Hockey, 1964; Lehge, 1987). The
basement complex which forms the basement rocktseibasin is overlain in succession by the Cretazédeokuta Formation
which is sandy with interbedded shales and limesfonmation. Following it is the Tertiary Ewekorodfmation comprising of
limestone, clays and shales and the llaro Format@rsisting of clays and shales followed by therlyosorted Coastal Plain
Sands and Recent Alluvial Deposits. The latter Whaonsists of lithoral and lagoonal sediments &f ttoastal belt is
characterized by Mangrove (saltwater) and freshwatemps where aquifers, though readily rechargedopious rainfall are
however vulnerable to saline water intrusion.

The lithological disposition of the aquifers givése to artesian and sub-artesian conditions ingslaln the Lagos metropolitan
area, the Coastal Plain Sands were the major agwefeloited in the past but drilling for water plypover the past decade
target the deeper Abeokuta Formation. This is mxaf excessive drawdown (progressive decline adhassociated with
boreholes tapping the phreatic aquifers of the @b#4ain Sands and the consequent problem ofesalater intrusion already
manifest in some localities. Salt water intrusiatoithe Recent Sediments aquifers occurs benefatslawater lens in a belt
stretching from the coastline to a distance of abém in some places. Saltwater intrusion occuregndhe confined aquifers of
the Coastal Plain Sands in a zone stretching frgrapa to Lekki within the Lagos metropolis is a @esi issue. The saltwater
bearing sands overlie freshwater aquifers whicheapgoited by boreholes. In the eastern part ofrépgesented by Akodo, the
freshwater aquifers in the Coastal Plain Sandssanelwiched between saltwater-bearing sands. Thet&dlain Sands in a
zone between Lekki and Akodo around Lakowe estichtiidoe about 20km wide consists predominantiyiaf with only about
60m of sand overlying about 240m of clay unlike tiieer areas of the basin where sand representedret’0 — 95% of about
300m thick horizon (Oteri and Atolagbe, 2003).

The northern part of the coastal sedimentary faonatcontains interbedding sequences of shalesagoders are mostly
unconfined. The average depth range to water tal#®m — 300m while the average depth to confitéygr is about 150m. The
specific capacity ranges from 60 to 58.5 I/h/m.dkierage yield is 50 I/s.

The significantly undulating surface relief makbge Niger Delta a hydrogeologically shallow watetslas described by Toth
(1963). Thus, the great quantities of water engetire region from rainfall and streams into thellskhaaquifers in the north,
discharge in depth beyond the coast. The greartropahe sediment is therefore flushed and grouatdwis rarely stagnant
except in those places where saline, presumablpaterwater entrapped in aquicludes, persist inhdefich a condition is
speculated at Borokiri- Port Harcourt, Buguma)eBiKulama, Bonny and Akasa in Rivers State, eastéger Delta (Oteri,

1988).

The Niger Delta is a coastal arcuate delta of tiverRNiger covering an area of about 75,008Kithe subaerial Niger Delta has
an extensive saline/brackish mangrove swamp bpéirated from the sea by sand beach ridges for afidbe coastline. Water
supply problems relating to salinity are confinedtie saline mangrove swamp with associated sastayds and barrier ridges
at the coast. Geologically, rocks of the Niger Belte subdivided into three formations which aratAk Agbada and Benin
Formations (Short and Stauble, 1967). The BenimBton consisting predominantly of massive highlyrous sands and
gravels with locally thin shale/clay interbeds farie multi-aquifer system in the delta (Etu-Efeanod Akpokodje, 1990; Etu-
Efeotor & Odigi, 1983; Odigi, 1989). Many boreholesve been drilled into the aquifers of the Benamnfation yielding good
quality water but many have also been abandonedalbegh salinity (Amadi and Amadi, 1990; Ngerebaral Nwankwoala,
2008). The aquifer in the Recent Sediments is thtemtable aquifer in coastal barrier islands asadg islands within the
mangrove swamps. It could be as thick as 30m iredoanrier islands such as Fishtown in Bayelsa Statis aquifer provides
freshwater for many rural communities in the Nidgelta. Oil and gas are produced from sand resenvairthe Agbada
Formation while the Akata Formation consists offamm shale rocks.

Overlying the Benin Formation are the Quaternarpodés which are 40 - 150 m thick, an unconfinedif@g sequence
comprising rapidly alternating sequences of sand siit/clay, (Table 1), with the latter becomingcii@asingly prominent
seawards (Etu- Efeotor and Akpokodje, 1990).
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Table 1: Quaternary deposits of the Niger Deltte(eEtu-Efeotor and Akpokodje, 1990)

Geologic Unit Lithology Age
Alluvium Gravel, Sand, clay, silt
Freshwater Backswamp, meander belt Sand, clay, sitimgravel
Saltwater Mangrove Swamp and backswamp  Medium-fiaeds, clay and someQuaternary
silt
Active/abandoned beach ridc Sand, clay, and some
Sombreiro-warri deltaic plain Sand, clay, and saitte

STRATEGY FOR SUSTAINABLE TRANSBOUNDARY AQUIFER RESGRCES MANAGEMENT

The immense diversity of aquifer types and theinfigurations suggests that no uniform approachkislyl to apply to all
transboundary aquifers. The most serious constratinthe management of transboundary aquifers mnte performance of
water sector generally are: (i) the lack of cleefirdtion of hydrogeological unit that could fatdte sustainable groundwater
management; (ii) the non conformance of basin baries to the principles of river catchment, gedtabiunit and
hydrogeological characteristics of the underlyimgk formations; (iii) the relatively small budgetade available for water
resources administration, infrastructure develogmemd operations. Generally, persistent transbayndaguifer resource
management problems include:

(i)

(ii)
(iif)
(iv)
v)
(vi)

Poor prediction of aquifer yields on one or eithigle of the national boundary;

High variability in transboundary aquifer propestend therefore high uncertainties;

Presence of unutilized or under-utilized groundwegsources on or other side of the national boynda
Conflicting demands for the transboundary aquiésource — such as between irrigation and indusisias;
Significant environmental concerns arising fromrent water management practices;

High likelihood that current transboundary aquifemnagement practices are depleting the resourtteer ei
through over-exploitation or by pollution.

Presently, there is a very little international exence in the approaches needed for transbouratauifer resources
management. Many strategies/actions are requirtd r@spect to basin boundary system to move frontegt to reality
with Integrated Water Resources Management (IWRMg Lake Chad Basin Commission (LCBC) with headiguarin
N’ Djamena (Chad) has already series of princigbedicies, general water laws, water administratiegulations and basin
oriented water laws. The establishment of simitanmissions and the strengthening of existing omesadvocated. Such
commissions will provide opportunities for inforrmat and risk-sharing, facilitate pooling of techalicand financial
resources, thereby reducing the burden on indiVidoantries. Central to any strategy, the evidemdgch requires
systematic and prolonged data collection and rigeranalysis is very necessary. Any sustainableestigg towards the
improvement of water resources management in tiemenust include but not limited to the following:

s

0] Re-introduction of long-term hydrological obsereat and instigation of new data collection on watse,
irrigation and agriculture lands, water sedimenpadits, industrial demands, urban development, argeh
hydraulic properties as well as groundwater/surfeager interaction;

(i) Introduction of serious measures aimed at reduleing erosion, and consequent siltation of somenbasid the
existing hydro-agricultural infrastructure;

(i) Enforcement of land-use regulations to reduce tbatanination of water resources aimed at helping
transboundary negotiations;

(iv) Protection of groundwater resources to safeguard-term use and balance the demands of economic
development with ecosystem conservation;

(V) Regional studies of hydrogeology, hydraulic propsstregional flow system and water quality thatsesrpolitical
boundaries;

(vi) Serious discussion and agreement on a commonggtrimiegroundwater exploitation and equitable shgacross
borders;

(vii) Greater integration of the relevant informationtsyss, e.g hydrology, hydrogeology, water qualignd use,
sediment transport etc;

(viii) Moving away from conventional basin system and Wgvenew approaches that will belong to a common
geographical unit that does not recognize polifimaindaries;

(ix) Promoting public awareness raising programmes &iexusers, planners and policy decision makeat kvels,
and emphasizing a participatory approach invol¥irgggeneral public in water management.
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CONCLUSION

There is no doubt that groundwater is vital natoeaburce for the reliable and economic provisibsade water supplies in both
urban and rural environment. Quite unfortunatatyspite of the fundamental role groundwater playtuman well being, as
well as that of many ecosystems, it is yet to By ppreciated and adequately managed and prdigoteh within the country
and regionally. It is a well known fact that growader basins are difficult to govern and managetlyp&ecause of poor
information, and also because of poor visibilityteé resource, the need for reliable data and nmdition in support of water
resource planning is central to any strategy. Teldyy, knowledge transfer and sound research catiparshould receive
sufficient attention at the regional scale for amyaningful solution of regional problems.

More importantly, environmental issues such as ib@dity, climate change, poverty alleviation, datfprevention, ethical
development of transboundary aquifers as well astraglitional or specific uses like GBequestration and waste disposal is
vital for sustainable development of transboundaqyifer resources. Inter-governmental cooperatiah@mmunication, joint
aquifer resource monitoring strategy, joint (or giet) development-management institutions as vasll joint water user
associations will go a long way in this effort.
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